Abstract-In this paper, a fractal parallel coupled-line feeding structure is proposed to realize the 2 nd harmonic suppression property, while allowing for a broadband operation of microstrip patch antennas. Numerical results have demonstrated that this type of fractal feeding can provide the antenna with a two times broader bandwidth compared to that of the conventional quarter-wavelength transformer feeding as well as a good 2 nd harmonic suppression property.
I. Introduction
Microstrip patch antennas are very popular due to their easy and low-cost fabrications as well as due to its capability for easy integration with other circuits or multilayer modules. However, their large input impedance at the harmonic frequencies is a source of large harmonic components. These harmonic components can degrade the performance of the RF front end module due to the nonlinear property of integrated or embedded active components. Especially, the 2 nd harmonic is critical in a direct conversion transceiver because it is located at near frequency zero and it can generate direct current (DC). Also, the impedance bandwidth of a microstrip patch antenna is inherently narrow. Microstrip patches on thin substrates can be considered as high Q resonators, which results in narrow bandwidth.
To overcome the high harmonic problem, several methods have been published and studied [1] [2] [3] [4] . Among them, photonic band gap (PBG) and defected ground structure (DGS) are the most popular solutions. Due to the stop band and the slow wave property of these structures, harmonics of patch antennas are well suppressed. However, the problem of these structures is that they allow for a significant backside radiation, which is detrimental to the radiation characteristics. Moreover, these methods require the fabrication of additional structures at the bottom layer of 3D modules, which increases the fabrication cost. To solve these problems, microstrip patch antennas fed by fractalshape parallel lines are proposed in this paper both to suppress the 2 nd harmonic and to increase the impedance bandwidth.
II. Microstrip Patch Antenna Fed by Fractal Parallel Coupled Line
In [5] , the parallel coupled line feeding structure has been adopted to increase the impedance bandwidth. In this paper, the proposed antennas are designed on liquid crystal polymer (LCP) substrate, which features several exceptional RF properties, such as low loss (tan δ ranges from 0.002-0.004 for frequencies up to 110 GHz), flexibility and near hermetic nature (water absorption is less than 0.004%), as well as low cost [6] . For the antennas presented here, we use 9 mil thickness LCP substrates which permittivity is 3.1. The operating frequency of the antenna is 13.05 GHz and accordingly the frequency for the 2 nd harmonic is 26.1 GHz. Fig.1 shows the configuration of patch antenna fed by parallel coupled lines with fractal configurations. As reported in [5] , the parallel coupled lines feeding structure can increase the impedance bandwidth of a single substrate conventional patch antenna and is especially convenient for antenna arrays. The physical dimensions for the parallel coupled feeding antennas for each fractal iterations are summarized in Table. 1. The three microstrip patch antennas are shown in Fig 2. In this design, the patch antennas are fed by using Koch zero (K0), Koch 1 st order (K1), and Koch 2 nd order (K2) coupled line, respectively [7] . The iteration factor applied in coupled line is ¼. The center frequency of each antenna for the first dominant mode is considered at 13.05 GHz and its 2 nd harmonic frequency is 26.1 GHz. Table 2 depicts the final [do you mean the optimized?] dimensions of the coupled lines and the patches, while Figure  3 shows return loss results which have been obtained by using commercial moment method (MOM) simulator. As shown in Fig.3 a, the bandwidth of antennas for QW(quarter wave transformer), K0, K1, and K2 are 160 MHz, 350 MHz, 300 MHz, and 300 MHz, respectively. Also, as shown in Fig.3 b, the 2 nd harmonics of K1 and K2 coupled line feeding case is greatly suppressed to almost 0 dB compared to QW case(return loss at harmonic is about 18dB) and K0(return loss at harmonic is about 13dB). Fig.4 shows the calculated radiation pattern for proposed antennas, which is similar to the conventional (quarter-wavelength fed) ones.
IV. Conclusions
In this paper, a new feeding topology for microstrip patch antennas using fractal parallel coupled-lines is proposed to increase the bandwidth and to suppress the 2 nd harmonic component. Numerical results demonstrate that patch antennas with this novel feeding configuration can be used in systems which require broadband operation and significant 2 nd harmonic suppression, like direct conversion receivers. 
